The diaminophenolate and -diketiminate zinc complexes [(NNO)ZnEt] ((NNO)  = 2,4-ditert-butyl-6-{[(2'-dimethylaminoethyl)-methylamino]methyl}phenolate)) and
Introduction
In the past decade, polycarbonates (PCs) have gained growing industrial and academic interest owing to their properties. Their range of thermal, mechanical and optical characteristics as well as their non-toxicity, biocompatibility, (bio)degradability, and bioresorbability have contributed to promote such polymers at the forefront of both commodity and engineered materials alongside traditional polyesters. Also, recent advances in PCs synthesis have evidenced sustainable and valuable green approaches in compliance with environmental considerations. Chemically speaking, PCs can be rather easily functionalized thus providing tunable polymer materials with further valuable opportunities.
Thus, PCs nowadays appear as topical leading candidates for added-value applications in automotive, aircraft, construction, electronic and biomedical materials. 1, 2, 3, 4 PCs can be prepared according to three distinct synthetic methods, namely i) polycondensation of phosgene, triphosgene, or a dialkyl or diaryl carbonate with an ,-diol, 5, 6, 7, 8 ii) copolymerization of epoxides with carbon dioxide, 9, 10, 11, 12, 13, 14, 15, 16, 17 or iii) ring-opening polymerization (ROP) of a cyclic carbonate monomer. 2, 18, 19, 20, 21, 22, 23 While the former route does not meet all safety and health requirements for those in PC industry and for the consumers, the more friendly "greener" CO2/epoxide approach sometimes suffers from incomplete selectivity, resulting in (often detrimental) ether units within the recovered PC and/or formation of cyclic carbonate as co-product. On the other hand, ROP of cyclic carbonates provides a good method towards the synthesis of well-defined PCs with adjustable macromolecular parameters. PCs have thus been produced without CO2 loss through a controlled ROP mediated by (organo)metallic or organic (i.e., metal-free) catalytic systems, enabling fine tuning of the PC molar mass and dispersity (ÐM = Mw/Mn) values, as well as end-group fidelity, upon limitation of the undesirable transcarbonatation and other sidereactions. 2, [18] [19] [20] [21] [22] [23] In this general ROP context, five-membered cyclic carbonates (5CCs) clearly stand apart from their larger (≥ 6) congeners. Indeed, thermodynamics, with ring-opening enthalpies values (ΔH°) most often positive, does not favor their polymerizability. 22, 24, 25, 26 While increasing the reaction temperature can shift the monomer/polymer equilibrium by raising the entropy, thus making the free energy (ΔG°) negative, decarboxylation is then generally observed. The homopolymerization of 5CCs is thus rarely controlled and remains difficult to optimize.
Few 5CCs have been ring-open polymerized. To our knowledge, these are limited to ethylene carbonate (EC), 27, 28, 29, 30, 31, 32, 33, 34, 35 propylene carbonate (PPC), 26, 33, 36, 37, 38 methyl 4,6-
O-benzylidene-2,3-O-carbonyl-R-D-glucopyranoside
(MBCG), 39, 40 and cyclohexene carbonate (CHC). 22, 23 In the literature, the ROP of EC and PPC are the most documented ones, certainly because of their commercial availability. Although the ceiling temperature of EC and PPC is below 25 °C, these 5CCs have been polymerized above 100 °C, most likely as the result of CO2 abstraction which makes ΔS° positive thereby overcoming the positive enthalpy, so that the polymerization then becomes thermodynamically possible. [26] [27] Various initiators 41 have been used in the ROP of EC and PPC, but these reactions always led to partial or complete decarboxylation. [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] On the other hand, the homopolymerization of MBCG and CHC proceeded without elimination of CO2 and afforded better-defined polymers. 22, 23, 39, 40, 42 For the latter two monomers, ROP actually occurs as the result of the favorable ring-strain of the glucopyranosyl and cyclohexyl moiety fused onto the 5CC moiety, respectively, which sufficiently destabilizes the monomer. 22 We have therefore selected these systems for evaluating their performances in the simultaneous ringopening copolymerization of EC with BL, VL, CL and LLA. Taking into account the reported examples mentioned above of the successful copolymerization of EC with CL and with the closely related one carbon-smaller lactone displaying similar ROP affinity, namely VL, [43] [44] [45] both CL and VL looked promising for their copolymerization with EC. Finally, given the current academic and industrial interests in lactides, LLA was also evaluated as a comonomer.
Synthesis of EC/lactones and EC/lactide random copolymers.
The EC/BL, VL, CL, LLA copolymerizations were run in bulk (i.e., solvent-free reactions) at 60110 °C using providing PEC copolymers with poly(BL) (PBL, also referred to as poly(3-hydroxybutyrate), PHB, the most common poly(hydroxyalkanoate)), poly(VL) (PVL), poly(CL) (PCL), and poly(LLA) (PLLA)) segments, are gathered in Table 1 and Table 2 , respectively. The EC copolymers were characterized by 1 H and 13 C NMR spectroscopy and DSC analysis. Structural identification was based on the detailed ( 1 H, 13 C{ 1 H}, 1 H-13 C HMQC and HMBC NMR spectroscopy) characterization of EC/CL copolymers ( Figures S3S9, 19, respectively), as reported by Agarwal et al. 45 and Evans et al. 43 The integrals of the EC/lactone or lactide NMR signals indeed matched the conversion of each monomer, respectively. 45 ,7072 indicated the absence of concomitant decarboxylation during the copolymerization. The PCL resonances of P(EC-co-CL) samples were split into a set of two distinct signals assigned to two types of CL chemical environments in the copolymer (i.e., CLCLCL and ECCLCL) as previously reported. 43 As illustrated in Figure 2 , the 13 155 ppm) have been claimed for P(EC-co-CL) in the literature. 43, 45 Agarwal et al. reported that the absence of several signals assigned to the carbonyl of EC suggested its occurrence as isolated EC units. Furthermore, the absence in the present copolymer spectrum of three (or more) consecutive EC units was suggested by the absence of signal at  154.69 ppm, as recorded in the spectrum of a PEC homopolymer ( Figure S2 ; prepared from CO2/ethylene oxide copolymerization) (Figures 2, S6) . The assignment of the signal at  155.11 ppm to two adjacent EC units or to two close by EC units separated by only one CL unit, was suggested by the relative intensity of the signals at  155.40, 155.11 and 155.06 ppm according to the amount of EC inserted within the polyester: the larger the insertion of EC (i.e., the more likely two EC units are to be next to each other), the larger the intensity of the signal at  155.11 ppm vs. that at  155.40 ppm (Figure 3 ). The carbonyl signal at 155.06 ppm may be assigned to a EC unit in a slightly different environment or, taking into account its small intensity, 78 to a chain-end EC-containing unit; this could not be clarified yet. Thermal analysis. Thermal characterization of the copolymers was performed by DSC ( Figure S9 ). These temperature values were lower than those of a PLLA homopolymer (Tg = 65 ° C and Tm = 175 °C). 57, 59 The Tg of all the copolymers was found to dependent on the molar ratio of EC:cyclic ester units, in agreement with the Fox theory. All these DSC results supported that the copolymerization of EC with either BL, VL, CL or LLA resulted in random copolymers, with the amount of EC inserted affecting, as expected, the thermal behavior of the resulting random copolymers (Table 3) . 
Conclusion
Zinc-based and organic catalyst systems, distinct from and less air-and moisture-sensitive than the previously established rare earth-based ones, [43] [44] [45] [46] [47] [48] [49] [50] from [(NNO)ZnEt]/BnOH. This same zinc-based system allowed the successful synthesis of P(EC-co-VL) and P(EC-co-CL) copolymers by copolymerization of EC with the larger lactones. Whereas the latter copolymers were already exemplified in several works, 4346 the former P(EC-co-VL) copolymers represent, to our knowledge, the second example to date. 44 In these latter two cases, the largest EC content recovered in the copolymer could be improved from the previously reported limit of 10 mol% and 31 mol% obtained from [(C5Me5)2SmMe(THF)], 44 The microstructural analyses of these EC/BL, VL, CL, LLA copolymers assessed by 1 H, and in particular 13 C{ 1 H}NMR revealed the presence of signals previously never described and assigned to the presence of consecutive EC units within the random copolymers. Thermal transition temperatures measured by DSC further supported the random nature of these copolymers.
Supporting information includes the complementing 1 H and 13 C{ 1 H} NMR spectra and DSC traces of the commercial PEC sample, EC/BL, EC/VL, EC/CL and EC/LLA copolymers.
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